Introduction: Little evidence suggest that female gender is associated with a lower risk of mortality in severely injured patients, especially in premenopausal women. Previous clinical studies have shown contradictory results regarding protective effects of gender on outcome after severe trauma. The objective of this study was to determine the association between gender and outcome (mortality and Intensive Care Unit (ICU) admission) among severely injured patients in the Netherlands. Methods: A retrospective multicentre study was performed including all polytrauma patients (Injury Severity Score (ISS) ≥16) admitted to the ED of three level 1 trauma centres, between January 1st, 2006 and December 31st, 2014. Data on age, gender, mechanism of injury, ISS, Abbreviated Injury Scale (AIS), prehospital intubation, Revised Trauma Score (RTS), systolic blood pressure (SBP) and Glasgow Coma Scale (GCS) upon admission at the Emergency Department was collected from three Regional Trauma Registries. To determine whether gender was an independent predictor of mortality and ICU admission, logistic regression analysis was performed. Results: Among 6865 trauma patients, male patients had a significantly higher ISS compared to female patients (26.3 ± 10.2 vs 25.3 ± 9.7, P = < 0.0001). Blunt trauma was significantly more common in the female group (95.2% vs 92.3%, P = < 0.0001). Males aged 16-to 44-years had a significant higher in-hospital mortality rate (10.4% vs 13.4%, P = 0.046). ICU admission rate was significantly lower in females (49.3% vs 54.5%, P = < 0.0001). In the overall group, logistic regression did not show gender as an independent predictor for in-hospital mortality (OR 1.020 (95% CI 0.865-1.204), P = 0.811) or mortality within 24 h (OR 1.049 (95% CI 0.829-1.327), P = 0.693). However, male gender was associated with an increased likelihood for ICU admission in the overall group (OR 1.205 (95% CI 1.046-1.388), P = 0.010).
Introduction
The effect of gender in severely injured patients has been investigated for many years [1] [2] [3] [4] [5] [6] [7] . It is well known that severe trauma results in an inflammatory response with an aberrant production of cytokines by macrophages, resulting in suppression of the immune system [1] . This response is potentially gender dimorphic, for it has been known that cells of the immune system can synthesize sex steroids [1] . Several laboratory studies in rodents have demonstrated that female gender is protective after major trauma, hemorrhage and sepsis [2] [3] [4] . Despite the substantial experimental evidence, previous clinical studies have been unable to produce results resembling the laboratory findings [2, 6-8, 10-12, 14-16] .
In a German study with 36,000 severely injured patients it was shown that gender alone offers no survival advantage after blunt trauma [5] . However, male gender was an independent negative predictor for morbidity [5] . In another study, no gender-based differences in mortality were shown, but it was concluded that age and ISS were the most important predictors of mortality [13] . In contrast, a large multicenter study demonstrated that severely injured men with an ISS equal to or above 25 and aged 50-years or younger, had a 27% increased likelihood of dying, compared with women [11] . Similarly, a retrospective Chinese cohort study showed that females had a lower risk of in-hospital mortality compared with males, especially among those 50-years or younger, with an ISS equal to 25 or higher [7] . These studies suggest that a potentially protective effect of female gender is most apparent during the reproductive phase [7, 11] . Furthermore, they speculate that minor trauma does not lead to immunologic changes and therefore genderbased differences might be more obvious in the severely injured [7] .
In an attempt to further elucidate this ongoing controversy, a large retrospective multicenter study was performed to determine the association between gender and outcome, among severely injured patients, admitted at three Level 1 trauma centers in the Netherlands. We hypothesized that female polytrauma patients show decreased mortality rates and lower ICU admission rates.
Patients and methods

Study subjects
Patients aged 16 years or older and with an Injury Severity Score (ISS) ≥ 16 admitted to the Emergency Department (ED) between January 1st, 2006 and December 31st, 2014 were selected for inclusion. Patients who were dead upon arrival at the ED or presented after drowning, electrocution, or strangulation, were excluded. Patients were categorized into three age groups (i.e. [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] , and 55+), to consider the influence of hormonal status attributable to the premenopausal, perimenopausal, and postmenopausal phases. We varied this age threshold for defining the groups, ultimately leading to above mentioned groups. Because females between 16-and 44-years of age are considered hormonally active, a subgroup analysis was performed. Data were retrospectively collected from the regional trauma registries at three Level I trauma centers. These centers were the VU University Medical Center in Amsterdam, the Radboud University medical center in Nijmegen and the Erasmus university medical center in Rotterdam, all located in the Netherlands. The study was approved by the independent Medical Research Ethics Committees of all three hospitals.
Study parameters
Demographic, injury and outcome parameters for each male and female patient were collected from the trauma registry. The injuries were classified by the Abbreviated Injury Scale (AIS) and the ISS [17, 18] . The Revised Trauma Score (RTS) was used to estimate the severity of the injury and dichotomized (12 or less yes/no). The ISS was used, both as a continuous variable, as well as a categorical variable (16-24, 25-50, and 51-75) . Severe head injury was defined as a cranial AIS ≥ 3. Glasgow Coma Scale (GCS) at admission was also collected and dichotomized (eight or less yes/no). Severe thoracic and abdominal injury were defined as a thoracic or abdominal AIS ≥ 3, respectively. Mechanism of injury (MOI) was either blunt or penetrating. Hypotension was defined as a Systolic Blood Pressure (SBP) ≤ 89 mmHg at admission to the ED. Data on prehospital care provided by intubation, Physician Helicopter Emergency Medical Services (P-HEMS) assistance, ED intubation and hospital and ICU length of stay (LOS) was also collected. The primary study outcomes were: death within 24 h after admission and death until hospital discharge. Secondary outcomes were: rate of ICU admission and ICU LOS.
Statistical analysis
For univariate assessment, independent students tand chi-squared tests for continuous or categorical variables, respectively, were used on the overall and subgroup population. For skewed variables, median and range were given and a Mann-Whitney-U-test was performed. Backward stepwise logistic regression analyses on the effect of gender on outcome parameters were performed. Odds ratios (ORs) are reported with 95% confidence intervals (95% CI). In addition to gender, the regression models included the covariates age, ISS, year of admission, MOI, prehospital intubation, P-HEMS assistance rate, cranial, thoracic and abdominal AIS ≥ 3, RTS at the ED, and GCS and SBP on admission. P-values < 0.05 in two-sided tests were accepted as statistically significant. All analyses were done using IBM SPSS Statistics 23.0.
Results
Overall patient characteristics
A total of 6865 patients were admitted to three Level − 1 trauma centers from 2006 through 2014; 70.6% was male. Characteristics of the study population are shown in Table 1 . Male patients were younger than female patients (47.7 ± 20.2 vs 55.4 ± 22.0, P < 0.0001). In the age groups 16-to 44-years and 45-to 54-years, males were significantly more represented ( Table 2 ). The median ISS was 25 and 24 (P < 0.0001) for males and females, respectively. Severe head injury was more frequent in females (71.2% vs 63.2%, P < 0.0001). An AIS thorax ≥3 (46.1% vs 35.1%, P < 0.0001) and an AIS abdomen ≥3 (11.3% vs 9.5%, P = 0.032) were more frequent in males. Blunt trauma represented the dominant MOI for both sexes (92.3% vs 95.2%, P < 0.0001). Males were more frequently intubated at the scene (30.9% vs 27.7%, P = 0.009). P-HEMS assistance was significantly more frequent in males (38.1% vs 29.0%, P < 0.0001). Males had a higher rate of being intubated whilst in the ED (43.7% vs 39.3%, P = 0.003). Furthermore, hypotension at admission to the ED was also more frequent in males (6.8% vs 4.9%, P = 0.008).
Overall clinical outcomes
No differences for death until hospital discharge were found in the overall group (18.5% vs 17.5%, P = 0.379). No difference in 24-h mortality rate was found between females and males (6.9% vs 7.6%, P = 0.334) ( Table 3) . Females had a significantly lower ICU admission rate (49.3% vs 54.5%, P < 0.0001). The median ICU LOS was two days for males (range 0-184 days) and females (0-200 days), P < 0.0001).
The overall association between 24-h mortality and gender
Backward logistic regression analysis did not show gender as independently associated with 24-h mortality (OR 1.049; 95% CI 0.829-1.327; P = 0.693; Table 4 ). However, age, P-HEMS assistance, blunt injury, ISS, AIS thorax and abdomen ≥3, hypotension at ED admission (SBP ≤ 89 mmHg), and prehospital intubation were identified as independent predictors for death. No statistically significant difference was found for gender when we varied the age threshold for defining the subgroups (OR 1.100, 95% CI 0.867-1.394; P = 0.433; Table 5 ).
The overall association between in-hospital mortality and gender
Backward logistic regression analysis did not show gender as independent risk factor for in-hospital mortality in the overall study population (OR 1.020; 95% CI 0.865-1.024; P = 0.811). The same variables that were identified as independent predictors for 24-h mortality, were also independent predictors for in-hospital mortality (Table 4 ). No statistically significant difference was found for gender when we varied the age threshold for defining the subgroups (OR 1.085; 95% CI 0.917-1.283; P = 0.341; Table 5 ).
The overall association between ICU admission and gender
Backward logistic regression analysis showed that the male gender was independently associated with a 20.5% increased likelihood for ICU admission compared to the female gender (OR 1.205; 95% CI 1.05-1.39; P = 0.010; Table  4 ). A statistically significant difference was found for gender when we varied the age threshold for defining the subgroups (OR 1.192; 95% CI 1.035-1.374; P = 0.015; Table 5 ).
Patient characteristics of those aged 16-to 44-years
Females and males were found to have comparable age, ISS, GCS, and AIS ( Table 2) . Females had a significantly higher rate of blunt injury (93.4% vs 89.2%, P = 0.002). The rates of hypotension, P-HEMS assistance and (prehospital) intubation were similar.
Clinical outcomes in the 16-to 44 age group
Females did have significantly lower in-hospital mortality rates than to males (10.4% vs 13.4%, P = 0.046) ( Table 6 ). No significant differences in 24-h mortality, ICU LOS and admission, or hospital LOS were found between men and women.
The association between 24-h mortality and gender in the 16-to 44 age group
Backward logistic regression analysis did not show gender independently associated with 24-h mortality (OR 0.939; 95% CI 0.567-1.554, P = 0.806). When we varied the age threshold (i.e. 16-40 age group), no statistically significant differences were found (Table 7) . In this group, other variables were identified as independent predictors; blunt injury, ISS, SBP ≤ 89 mmHg, RTS ≤ 12, and AIS cranial and thorax ≥3 (Table 8 .) found (Table 7) . ISS, prehospital intubation, hypotension at ED admission (SBP ≤ 89 mmHg), GCS ≤ 8, RTS ≤ 12, and AIS cranial, thorax and abdomen ≥3 were identified as independent predictors (Table 8 ).
Discussion
There is an increasing amount of laboratory and clinical data, suggesting gender dimorphism in severely injured patients [1] [2] [3] [4] [5] [6] [7] 9] . This study is the first multicenter analysis performed on this subject in the Netherlands. The advantage of this retrospective study is the large sample size over an extended study period.
In this study, a statistically significant survival advantage was found in female patients age 16 to 44-years old. Overall, females had significantly lower ICU admission rates. Logistic regression analyses did not show gender as an independent predictor for early and in-hospital mortality in any subset population. However, the male gender was independently associated with a 20.5% increased likelihood for ICU admission. In this study, patients were divided in three age groups; 16-to 44years old, 45-to 54-years old, and 55-years old or older. These categories were surrogates for the pre-, peri-and postmenopausal stages and were defined based on literature findings [19, 23] . As stated before, we varied the age thresholds for defining these groups. We found that varying these thresholds did not changed our results, therefore we continued using the previous stated groups (16-to 44-years old, 45-to 54-years old, and 55-years old or older). Women one year after the onset of menopause show a decline in estrogen levels, which may explain the absence of beneficial effects in women 55-years old or older in our population [1, 3, 15] . Considering postmenopausal women using hormone replacement therapy (HRT) a minority, it seems unlikely that this would have affected the results of the current study. To investigate the influence of aging, we excluded every patient who was 19 years or younger, or 61 or older in a subgroup analysis. The population that remained included 4132 patients. In-hospital mortality, mortality within 24 h and ICU admission, did not show a statistically significant difference. As described earlier, some studies found that severely injured men of 50-years or younger had a greater chance of not surviving (27%) than women of the same age [11] . This survival advantage for women of 50 years or younger was attributed to interactions between the immune and endocrine systems of both sexes, and not to a difference in MOI, severity or pattern [11] . Similarly, a meta-analysis of 19 studies found a survival advantage for women older than 50 years with a low to moderate injury (ISS ≤ 25). Interestingly, this advantage was not shown in severe trauma [33] . In a large retrospective cohort study it was demonstrated that female blunt trauma patients with an ISS ≥ 16 and relevant bleeding had lower rates of multiple organ failure (MOF) and sepsis [6] . After stratification by age group, these findings were most evident in groups of females at reproductive age (i.e., 16-44 years) [6] . They found no differences in the age group 55-to 64-years old. However, the possibility of late onset menopause or HRT in these women cannot be ruled out completely [6] .
Another study stratified severely injured patients by MOI and age, assuming women of 50-years or older to be postmenopausal [8] . A major difference compared to the current study is that they excluded patients ages 41to 50 years old because women in this age group were most likely to be in the perimenopausal stage of their menstrual cycle. The authors found a survival advantage for women aged below 40 years old and with an ISS between 16 and 24, although not statistically significant [8] . Logistic regression analyses also failed to identify gender as independently associated with mortality and are therefore consistent with our results.
Significant differences in mechanism and pattern of injury among male and female patients were found in our population. Females had more AIS ≥ 3 injuries to the head (71.2%) and males had more AIS ≥ 3 injuries to the chest (46.1%) and abdomen (11.3%). Blunt trauma represented the dominant mechanism of injury for both male and female patients (92.3% vs 95.2%, P < 0.0001). Male patients suffered more often from motorcycle accidents (7.3% vs 3.3%) and penetrating injuries (5.2% vs 2.8%). Penetrating trauma may differ from blunt by treatment and associated injuries. Since a small group suffered from penetrating injuries, the data reported would be unlikely to reveal a significant difference if these were analysed solely. Our study therefore did The current study also found that the male gender was an independent predictor of ICU admission after correction for several clinical important confounders. A probable explanation could be that some unknown confounders, such as hormonal status, were not included in the analysis. However, studies demonstrated that younger males (aged 45-years or younger) showed a significant higher frequency of MOF and mortality and also showed a longer ICU stay than females [24, 31] . An earlier study showed a significantly higher ICU admission rate for male surgical intensive care patients (64.2% vs 35.8%). Therefore they state that despite comparable age and surgical procedures, female patients may not be as critically ill as male patients [35, 36] . One clinical prospective cohort managed to measure sex steroids during ICU stay of severely injured patients and assess mortality [34] . They found a significantly elevated estradiol level in non-survivors, with the most severe injured patients having the highest levels [34] . Furthermore, after comparison with other parameters, the ability of estradiol to predict death was comparable with the ISS.
One limitation of their study is that only a single estradiol level was drawn, 48 h after admission [34] . It is however, not known how quickly estrogens are elevated [34] .
However, we also believe that whether or not the trauma patient is admitted to the ICU is influenced mostly by the physician on duty and cannot be solely be attributed to medical status such as injury severity or trauma mechanism. We therefore can only speculate that hormonal status may be considered a risk factor for ICU admission in severely injured patients.
Previous clinical studies, investigating gender-based differences in severely injured patients were often unable to produce results resembling the experimental data [2, 6-8, 10-12, 14-16, 30-32] .
Experimental studies in rodents have demonstrated the female gender to be protective after severe injury and hemorrhage [1] [2] [3] . Other studies demonstrated that resistance to trauma or hemorrhage induced organ injury, varies during the menstrual cycle, with maximal protection during the proestrus stage, when estrogen levels are the highest [1, 3, 5] . However, when estrogen exceeded the physiological level in female rodents after trauma-hemorrhage, resembling pregnancy and burn injuries, the immune response was down-regulated [7-9, 20, 21] . These findings suggest that high end physiological levels of estrogen are considered beneficial on survival after trauma or hemorrhage [2, 3, 22, 29] .
The retrospective nature of this study has some limitations. Since the retrospective trauma registry did not collect any data on reproductive cycle or hormonal status, we divided the patients in three subgroups, as alternates for hormonal status. Women younger than 55-years old were assumed to be pre-or perimenopausal and those aged 55-years or older to be postmenopausal. Another limitation is the lack of information on comorbidity and medication. Factors such as obesity, surgical and medical history, smoking habits, and the use of contraceptive or HRT are known to influence the actual hormonal status and could be possible confounders [8, 10, 23, 24] .
We did not stratify the population based on the anatomical sites of injury (and their combinations), since this might lead to so many subgroups that sensitive analysis will not be possible. It is well known that trauma research is hampered by a heterogeneous population. We therefore decided to enter ISS and other surrogates for injury severity (i.e. AIS Cranial, Thorax and Abdomen) in our analysis to cope with the heterogeneity of the trauma patient population.
We are aware that there exist much larger registry studies with over 20,000 cases [5, 6, 8, 11, 14, 28] . Our study consist of 6865 cases. Our sample may be too small to detect a survival advantage for female trauma patients.
We attempted to use as much standardized definitions as possible to create a homogeneous study population with minimal variations. The Shock Index (SI), defined by the ratio of heart rate to systolic blood pressure, is the most commonly used clinical parameter to signal hemorrhagic shock [25] [26] [27] . However, the trauma registry lacked data on heart rate at admission for most patients. Therefore, shock was defined as a SBP ≤ 89 mmHg at admission, based on recent literature findings [8, 12, 16, 24, 26] . Using this definition may have underestimated the effect of hemorrhagic shock on mortality.
We conclude that in this population of severely injured patients, the female gender shows a lower mortality rate in patients aged 16-to 44-years. However, the male gender was independently associated with an increased likelihood for ICU admission. Gender was not independently associated with mortality, despite the large amount of experimental evidence.
Future research should focus on large, prospective multicentre observational studies, in which the actual hormonal status is adequately measured upon admission to the ED, hereby allowing to group patients more precisely by their cycle status and thus observe a clearer hormone-related relationship to their outcome.
